Abstract : Analysis of load data during field operations is highly important for optimum design of power drive lines for agricultural tractor. Objective of the paper was to analyze field load data using FFT to determine frequency and the energy levels of meaningful cyclic patterns. Rotary tillage, plowing, baling, and wrapping operations were selected as major field operations of agricultural tractor. An agricultural tractor with power measurement system was used. The tractor was equipped with strain-gauge sensors to measure torque of four driving axles and a PTO axle, speed sensors to measure rotational speed of the driving axles and an engine shaft, pressure sensors to measure pressure of hydraulic pumps, an I/O interface to acquire the sensor signals, and an embedded system to calculate power requirement. In rotary tillage, calculated frequency was decreased as travel speed increased. In baler operation, calculated frequency was increased as PTO speed was increased. The calculated peak frequency levels and expected levels were similar. Results of the study would provide information on power utilization patterns and on better design of power drive lines.
I. Introduction
Study for improving the efficiency of fuel use is on-going in various industrial sectors due to both rising fuel prices caused by the decrease of fossil fuels and pollution problems in the global ecosystem caused by the excessive consumption. In case of automotive industry, study and development hybrid cars and electric vehicles to reduce fuel consumption has been progressed (DACO Industrial Research Institute, 2010) .
Study to reduce fuel consumption has been progressed also in agricultural sector. Kim et al. (2010) developed a mathematical model to predict the fuel consumption rate of agricultural tractors under various load conditions. Percent errors of the predicted fuel consumption model were from 0.36 to 2.86%, which provided the high performance in various conditions. Park et al. (2010) investigated decreasing rate of fuel consumption by economic drive of 37-kW tractor, and found that fuel consumption rates were decreased by 69% in plow tillage and 54% in rotary tillage, respectively.
The load on an agricultural tractor is dependent on travelling speed and field operations. The loads would vary differently by type of field work, environmental conditions, tractor driving condition. By the accurate information about the load characteristics depending on the type of operations and the status of the tractor, fuel consumption can be reduced with the appropriate driving. Therefore, the load analysis of tractor is highly required to estimate the proper output according to each field operation. Mclaughlin and Heslop (1993) developed an instrumented tractor and a data logging system to test field experiments for 97-kW agriculture tractors. The developed This method is useful for the characterization of video and audio, and noise reduction (Ingle and Proakis, 2007) . And the data processing method has been used in medical devices, and fault diagnosis and accident prevention with mechanical system.
Utilization of the FFT analysis were also conducted in the section of agricultural machinery. Cerruto et al. (2010) reported the results of the FFT analyses to evaluate the vibration level from the tractor driver during the operation of pesticide application in a citrus orchard. As results of the FFT analysis, main frequency corresponding to the engine speed was from 35 Hz to 37 Hz. Also, other lower frequency was found at from 2 Hz to 3 Hz that was due to the tractor travels.
Nguyen and Inada (2011) Objectives of this study were 1) to measure the load data of major components in an agricultural tractor by field operations, and 2) to investigate the characteristics of the load data using FFT analysis.
II. Materials and methods
Experimental design
Experiments were conducted from April 1 st to June operation were selected as the major field operations.
Levels of transmission and PTO speed of each operation
were selected through interview with farmers. Experimental conditions were two levels of plow tillage, four levels of rotary tillage and baler operation, and one level of wrapping operation (Table 1) .
Specifications of agricultural tractor
and implements Figure 1 and Table 2 show photo and specifications of the agricultural tractor (L7040, LS Mtron Ltd., Korea) used in this research. Dimensions of the tractor were 4,000ⅹ2,677ⅹ2,640 (LⅹWⅹH) mm, and total mass was 3,260 kg. Tractor rated output of engine was 75 kW at 2,500 rpm and the output of PTO was 65 kW. The theoretical efficiency of transfer power is 85 to 95% with the type of mechanical manual transmission. Hydraulic pump was directly connected to the engine. The theoretical discharge rates of main and auxiliary pump were 12 and 6 cc/rev, respectively. Table 4 shows the selected major measurement and Co., USA). To monitor signals generated from the strain gauge, the principle of wheatstone bridge was applied.
Rotational speed of the four-axle were measured by encoder (60 pulse encoder) embedded in the slip ring (SR-10M/E60, MI-Scientific Co., USA). And, torque of four-axle was measured using four element full-bridge strain gauge which was same to transmission and PTO torque.
The required pressure and flow rate of the hydraulic pump power were measured and calculated. The pressures of main and auxiliary hydraulic pump were measured using installed pressure sensor (P6A, HBM, Germany).
Because rotational speed of the engine and hydraulic pump are proportional, flow rate was calculated by using the rotational speed and the theoretical discharge rates of each pump.
Fuel consumption by the engine was measured 
Analytical method of load data
In this study, periodic characteristic of load data of an agricultural tractor was analyzed by FFT method. The maximum number of rotational speed of the engine was 2600rpm. So, measured rate should be greater than 217 Hz to confirm the accurate periodic characteristics. Measured rate of data acquisition unit of used in this study was 200 Hz. Load data of III. Results and discussion
Comparison of designed and actual
speed of travel and PTO Table 6 shows difference of designed and actual levels of travel and PTO speeds. In all operation, measured travel speeds were slower than the designed speed. Actual travel speeds were slower than the designed speeds due to load and slip by soil strength at working. But, overall, actual PTO speeds were higher than designed speeds. In rotary tillage, PTO speed at P1 level was higher, and at P2 level was lower. And in the baler operation, measured PTO speed was greater than the designed speed. were a little different. The calculated peak frequency levels of PTO input shaft torque were found at 35 and 36 Hz, and expected peak frequency were found at 34 and 39 Hz. In L2P2 level, calculated frequency was more less than expected. One of possible explanation of this result is the change of soil failure distance by increase of working speed.
FFT analysis results
In baler operation, the calculated peak levels were 44, 50, 40 and 54 Hz at L1P1, L1P2, L2P1 and L2P2 levels (Table 8 and Fig. 3 ). The calculated frequency levels were increased as PTO speed was increased.
Results showed that the calculated peak frequency levels and expected levels were similar, possibly because the PTO load patterns were not affected by working speed and soil characteristics.
IV. Conclusions
In the study, load data of an agricultural tractor at major field operations (plow tillage, rotary tillage, baler operation and wrapping operation) were analyzed by FFT method. Major findings were summarized as followings.
1. In the rotary tillage, calculated frequency was decreased as travel speed increased. And, at the L1 level of transmission speed, expected and calculated frequency levels were very similar. But, at the L2 level, calculated frequency and expected were a little different.
2. In baler operation, calculated frequency was increased as PTO speed was increased. And, the calculated peak frequency levels and expected levels were similar.
In the future, study of development of load simulation and performance evaluation will be carried out.
